Abstract
departments who rotate for ED shifts, this ED has its own physicians who cover more than 50% of the shifts.
The one-year period from 2012.05.09 to 2013.05.08 was chosen as the control period of fast track streaming for ambulatory patients, and the first year after the implementation of interprofessional teamwork from 2014.11.12 to 2015.11.11 as the intervention period. There were several minor process changes in the interval between these periods, when three improvement groups carried out the activities that led to the teamwork intervention.
ED organization before the intervention. The main ED was organized in two separate corridors. In corridor A, physicians from the departments of internal medicine and cardiology treated their respective patient categories, while patients with surgery complaints were treated in corridor B by physicians from the ED. In addition, one physician rotated from the orthopedic department daily from 8 am to 9 pm. All nursing staff belonged to the ED and rotated between all sections. (Fig 1) A fast track called See & Treat was designed for ambulatory patients with minor complaints. It had a dedicated waiting area and eight rooms located 200 meters from the registration nurse, who directed suitable patients to See & Treat after a brief check. A physician was called to request radiographs for patients with limb injuries before they left the registration area. See & Treat operated daily from 8 am to 11 pm and was staffed by a senior and a junior physician, a nursing assistant, and a registered nurse. They were joined by an additional junior physician and a nursing assistant during peak hours from 11 am to 7 pm. All physicians and nursing staff belonged to the ED and rotated to See & Treat. On average, 18% (55/300 per day) of the ED patients were dispositioned from See & Treat, where the most frequent main complaints were: pain or swelling of extremity (25%), hand or arm injury (22%), abdominal pain (11%), foot injury (9%), knee or leg injury (6%), and low back pain (4%).
Non-ambulatory patients and patients with major complaints were directed by the registration nurse to the triage areas, where senior nurses conducted a comprehensive triage assessment based on the Rapid Emergency Triage and Treatment System (RETTS) [27, 28] , before being transferred to a desk in the main ED. There, the next available doctor assessed the patient on his or her own and left written orders for the next available nurse to carry out. Each doctor shared patients with multiple nurses during a shift, and vice versa.
Interprofessional teamwork intervention. Interprofessional teamwork was implemented from 2014.11.12 on weekdays from 8 am to 9 pm. See & Treat was closed, and the main ED and the triage sections were re-organized into modules with dedicated rooms, bays, a waiting area, and a team area. Each module was staffed by a senior flow team and two care teams, where each team consisted of a doctor and a nurse. Doctors moved from their back offices to the team area and were placed next to their team nurse. The work schedules of the different professions were synchronized, which allowed team members to work an entire shift together.
The patient flow in the teamwork period was structured in the following way: First, a registration nurse assigned the patient to an appropriate teamwork module according to his or her main complaint, internal medicine or cardiology in corridor A and orthopedic or other surgery complaints in corridor B. In the module, the flow team nurse prioritized and was responsible for the patient until assessment by a care team started. The doctor and nurse collaborated to carry out the patient interview, physical examination, radiology and laboratory orders, and in some cases treatment, in immediate sequence. In order to have time to lead and support the team in prioritizing and deciding the correct plans for the patients, the flow team doctor only treated low complexity patients. (Fig 2) Fig 1. Emergency department organization. In both periods, physicians from the departments of internal medicine and cardiology treated their patient categories in corridor A. Patients with surgery complaints were treated in corridor B by physicians from the emergency department, who also staffed the fast track See & Treat until it was closed in the teamwork intervention.
https://doi.org/10.1371/journal.pone.0220011.g001
Selection of participants and data collection
We extracted registry data of all adult visits to the ED during the fast track control period from 2012.05.09 to 2013.05.08, and the teamwork intervention period from 2014.11.12 to 2015.11.11 from the electronic tracking system Akusys. We extracted the following data: The time of each patient arrival, when the first physician signed in, and when the patient departed, as well as the main complaint, arrival mode, disposition, age, and gender of the patient. All patient identification numbers were replaced by unique codes.
There were three inclusion criteria for the study, which all had to be met. The first two criteria were: arrival on weekdays from 8 am to 9 pm, and a disposition from corridor B or See & Treat. The third was that the main complaint was one of the six most frequent orthopedic complaints: injury of shoulder, hand/arm, hip/thigh, knee/leg, feet, and back pain, or one of the six most frequent non-orthopedic complaints: head injury, abdominal pain, gastro-intestinal bleeding, flank pain, urinary problem, and genital complaint. Arrivals during night shifts, on weekends, and on holidays were excluded, since the teamwork intervention was not introduced during these work shifts. The primary outcome was the ED LOS, measured from the arrival registration to the departure. The secondary outcome was the TTP, measured from the arrival registration to the first physician sign-in.
In addition, we collected data from the electronic imaging registry. The time when an imaging request was made, when the examination started, and when a radiologist signed the result, as well as the type of imaging carried out were retrieved. From the work schedules, we collected the working hours for each profession in corridor B and See & Treat on weekdays from 8 am to 9 pm. Finally, we extracted the number of inpatients and beds per ward every weekday at 6 am from the electronic in-bed registry to calculate the daily occupancy rate for the wards which admitted patients from the adult ED. 
Statistical analysis
We imported the data retrieved from the ED tracking registry and the imaging registry into IBM SPSS Statistics version 25 for statistical analysis. We used the Chi-squared test to compare proportions and the Mann-Whitney-Wilcoxon test to compare mean values. The distributions of LOS, TTP and imaging times are heavily skewed with short times for most patients and a smaller number of very long times. Therefore, we used the median values for comparison. To obtain the 95% confidence intervals by bootstrap simulation, we also imported all retrieved data into R version 3.2.4 (The R Foundation for Statistical Computing, Vienna).
We performed a linear regression analysis to adjust the LOS for differences in background characteristics. First, we defined nine relevant predictors and explored each by simple linear regression before entering all predictors in a multiple linear regression model. Four of these were continuous predictors: age, daily ED volume, daily in-bed occupancy rate, and imaging turnaround time within ED stay. The remaining five were binary predictors: gender, study period, arrival by ambulance or helicopter without alert, arrival with prehospital alert, and one variable indicating if imaging was completed after the ED stay. We checked that the model assumptions were met using histograms, scatterplots, normal probability plots, and Cooke´s distance. First, we entered all included arrivals in the model and then several subgroups, based on disposition and main complaint. The statistical significance level was set at a two-tailed pvalue of 0.05 for all outcomes.
Ethics approval and consent
The study was approved by the Regional Ethical Review Board of Stockholm, ref. no. 2016/ 109-31/5. This included an approval of not obtaining informed consent of patients to participate in the study, since all patients were assessed and treated according the process during each period. We did not request consent for publication from the patients, since all data was anonymized and only reported at aggregated levels with many patients at each level.
Results

Characteristics of study subjects
Out of a total of 110,526 patient arrivals during the fast track period from 2012.05.09 to 2013.05.08, we included 11,573 orthopedic presentations and another 11,020 non-orthopedic presentations on weekdays from 8 am to 9 pm. Similarly, from the teamwork period from 2014.11.12 to 2015.11.11, we included 10,978 orthopedic and another 10,760 non-orthopedic presentations, out of a total of 111,461 patient arrivals. Altogether, we included 44,331 patient arrivals in the study. (Fig 3) Two general characteristics differed between the study periods. The patients included were older (mean age +1.8 years, 95% CI 1.4 to 2.2) in the teamwork period, when also a larger proportion of the non-orthopedic patients arrived by ambulance or helicopter (+1.7%, 95% CI: 0.5% to 2.8%). Moreover, the mean in-bed occupancy rate was higher in the teamwork period, 97.8% (SD 4.95%) compared to 92.6% (SD 4.84%) in the fast track period (+5.2%, 95% CI: 5.1% to 5.3%), due to a decrease in in-hospital beds and an increase in the number of patients admitted. In order to form interprofessional teams from 8 am to 9 pm in corridor B, more physician hours were scheduled in the teamwork period, 141.5 hours per weekday compared to 132.5 in the fast track period (+6.9%). However, the scheduled hours per weekday for the nursing staff was smaller in the teamwork period, 260.9 hours compared to 262.3 hours in the fast track period (-0.5%). (Table 1) In the fast track period, 49.6% (N = 5,741) of the orthopedic presentations and 24.1% (N = 2,651) of the non-orthopedic presentations were dispositioned from See & Treat. These patients differed from those dispositioned from the main ED in several aspects. They were younger (mean age -15.5 years), more often male (odds ratio (OR) 1.33) and presented orthopedic complaints more often (OR 3.11). In addition, they rarely arrived by ambulance or helicopter (OR 0.02) and were seldom admitted (OR 0.09). While 98.0% (N = 8,226) at See & Treat were low acuity patients, i.e., green or blue based on RETTS, in the main ED only 28.4% (N = 4,036) were low acuity.
Imaging. The proportion of patients for whom computed tomography (CT) was requested was larger in the teamwork period, 18.9% (N = 4,113) compared to 16 .8% (N = 3,805) in the fast track period (+2.1%, p<0.001). For patients who completed CT within their ED stay, the median time from arrival to a CT request was shorter in the teamwork period, 123.5 min compared to 135.2 min in the fast track period (-11.7 min, 95% CI: -17.4 to -5.2). However, the median time from the request to a result was longer in the teamwork period, 138.0 versus 111.7 min (+26.3 min, 95% CI: 21.8 to 30.4), largely due to longer waiting times for the CT to start (+22.0 min, 95% CI: 17.9 to 26.3). On the other hand, other types of imaging, such as radiographs, were requested for a smaller proportion of the orthopedic presentations in the teamwork period, 51.4% (N = 5,642) versus 52.8% (N = 6,112) in the fast track period (-1.4%, p = 0.033). Moreover, these patients had a longer median time from arrival to an imaging request in the teamwork period, 83.4 min compared to 50.7 min in the fast track period (+32.7 min, 95% CI: 29.6 to 35.9). The median time from the request to the start of non-CT imaging remained unchanged at 24.0 min for both periods (Table 2) .
Main results
Time to physician. In the teamwork period, the median TTP was considerably shorter for all main complaints compared to the fast track period. The median TTP was 70.0 min for orthopedic presentations and 84.4 min for non-orthopedic presentations in the teamwork period, compared to 127.0 min and 114.0 min, respectively, in the fast track period. This means that the reduction in median TTP was greater for orthopedic presentations, -57.0 min (95% CI: -60.1 to -53.9) versus -29.6 min (95% CI: -33.2 to -26.2) for non-orthopedic presentations. In fact, the longer median TTP found for orthopedic presentations in the fast track period (+13.0 min, 95% CI: 9.0 to 17.0), turned out to be shorter in the teamwork period (-14.4 min, 95% CI: -17.2 to -11.4) when compared to non-orthopedic presentations. (Table 3) Length of stay. The median LOS for the orthopedic presentations was shorter in the teamwork period, 217.0 min compared to 230.0 min in the fast track period (-13.0 min, 95% CI: -18.0 to -8.0). At the same time, the median LOS did not change significantly for the nonorthopedic presentations (+2.0 min, 95% CI: -3.0 to 7.0). We also compared the subgroup of orthopedic patients who were discharged home without imaging, since they were less affected by changes in imaging times and in-bed occupancy rate between periods. For these patients, the median LOS was shorter in the teamwork period, 143. Table 3 ).
In the multiple linear regression analysis, the adjusted LOS was shorter in the teamwork period for all main complaints, except gastro-intestinal bleeding and flank pain. The reduction of LOS in the teamwork period was approximately equal for orthopedic presentations (-22.8 min, 95% CI: -26.9 to -18.7) and non-orthopedic presentations (-20.1 min, 95% CI: -24.6 to -15.7). However, it varied depending on patient disposition. For orthopedic presentations, the reduction of LOS was larger for those discharged home (-28.5 min, 95% CI: -32.7 to -24.2), compared to those admitted (-22.5 min, 95% CI: -33.5 to -11.5). On the other hand, among non-orthopedic presentations the LOS reduction was larger for the admitted patients (-32.4 min, 95% CI -39.8 to -25.0), than for those discharged home (-14.9 min, 95% CI: -20.5 to -9.4). (Table 4 )
Discussion
This study evaluated the ED throughput of two strategies for patients presenting common orthopedic complaints. We found that the adjusted LOS was reduced by 23 min when interprofessional teams treated all patients, ambulatory and non-ambulatory, compared to a process where the ambulatory patients were streamed in a fast track. The adjusted LOS was also reduced, by 20 min, for patients with non-orthopedic complaints. Moreover, we found a substantial reduction of the median TTP by 57 min for orthopedic presentations, and 30 min for non-orthopedic presentations.
One could argue that these results were caused by abolishing the comprehensive triage based on the RETTS protocol. However, the LOS was also reduced for typical See & Treat patients, such as those discharged home after upper limb injuries. These patients would have by-passed the RETTS triage in the fast track period. One reason for the decreased LOS in this group could be the role of the flow team doctor, who treated only low complexity patients, and in that way served as a fast track within the teamwork module. Another reason could be that professionals with orthopedic competencies, such as the cast technician and orthopedic surgeon, worked together in the same teamwork module, instead of being consulted from the main ED and See & Treat.
A direct comparison between periods for fast track patients was not possible, since See & Treat was closed in the teamwork period. However, an approximate comparison can be made for a subgroup that in the control period were highly likely to be streamed as fast track patients. For example, of 3,646 patients with hand or arm injury who did not arrive by ambulance or helicopter and were discharged home, 2,734 were dispositioned from See & Treat (OR 3.0). For these patients, the median LOS was considerably shorter in the teamwork period, 168.0 min (N = 3,268) versus 192.0 min in the fast track period. Fast tracks vary in many aspects, such as operating hours, provider and patient categories. Compared to other fast tracks with similar operating hours and providers, such as those studied in [22, [29] [30] [31] [32] , the median TTP was longer for the fast track patients in this study. This may be due to the 200-meter distance from the ED registration to See & Treat, and the larger proportion of fast track patients in this study. Moreover, a comprehensive process was carried out in the ED for patients with fractures, which included immobilization, repeat radiographs, decision for surgery, and follow-up scheduling. In some EDs, such patients are instead referred to the fracture clinic [22] .
The large cohort and long study periods of this investigation are strengths rarely found in similar studies. In addition, we adjusted the LOS for in-bed occupancy and imaging times. A 15.5 min yearly increase of the ED LOS for admitted patients, and 7.7 min per year for discharged patients has been reported in Sweden for the period from 2009 to 2016 [33] . Nevertheless, the adjusted LOS for admitted patients in our study was considerably shorter in the later teamwork period, -23 min for orthopedic presentations and -32 min for non-orthopedic presentations.
The use of advanced imaging for ED patients has been increasing globally over the last two decades [34] [35] [36] [37] . This increase was also seen at the ED of this study, which together with a shortage of staff at the radiology department contributed to longer imaging times in the teamwork period. For non-CT imaging, the median time from patient arrival to a request was shorter in the fast track period, when radiographs for limb injuries were requested directly after registration. Nevertheless, the median TTP and LOS was shorter in the teamwork period, and a smaller proportion of the orthopedic presentations had radiographs. This indicates that a physician assessment in the teamwork module may reduce LOS and the need of radiographs, compared to when radiographs were requested directly after registration.
Limitations
We are aware that the observational pre-and post-intervention design may not claim a causality between the teamwork intervention and the outcomes, although we have chosen study periods without other process changes and adjusted for potential sources of bias. However, the 6.9% increase of physician hours was not entered as an independent variable in the regression model due to collinearity in the dataset, which means that its contribution to a shorter TTP and LOS in the teamwork period could not be determined. In addition, two arrival modes were entered as predictors of case mix instead of standard triage categories, which were assigned systematically only in the fast track period. Finally, this study was conducted at the largest ED in Sweden, so our results may not be generalizable or transferrable to other settings.
Conclusions
A process where patients with limb injuries and back pain, ambulatory and non-ambulatory, were treated by interprofessional teams in the ED, resulted in a shorter median TTP and LOS compared to a process with fast track streaming only for the ambulatory patients. The TTP and adjusted LOS for non-orthopedic patients was also reduced. This suggests that an improved ED patient flow may be an additional benefit of interprofessional teamwork in health care. However, these findings need to be confirmed by further studies, preferably with randomized designs and in other settings.
